ABSTRACT. Soil organic matter (SOM), leaf litter, and root material of an Ultisol from the tropical rainforest of Kakamega, Kenya, were analyzed for stable carbon (δ 13 C) and nitrogen (δ 15 N) isotopic values as well as total organic carbon (TOC) and total nitrogen (TN) contents in order to determine trends in SOM decomposition within a very well-developed soil under tropical conditions. In addition, we quantified mineralogy and chemistry of the inorganic soil fraction. Clay mineralogical variation with depth was small and the abundance of kaolin indicates intense weathering and pedoturbation under humid tropical conditions. The soil chemistry was dominated by silica, aluminium, and iron with calcium, potassium, and magnesium as minor constituents. The relative depletion of base cations compared with silica and aluminium is an indicator for intense weathering and leaching conditions over long periods of time. Depth profiles of δ 13 C and δ 15 N showed a distinct enrichment trend down profile with a large (average 13 ∆C = 5.0‰ and average 15 ∆N= 6.3‰) and abrupt offset within the uppermost 10-20 cm of the soil. Isotopic enrichment with depth is commonly observed in soil profiles and has been attributed to fractionation during decomposition. However, isotopic offsets within soil profiles that exceed 3‰ are usually interpreted as a recent change from C 4 to C 3 dominated vegetation. We argue that the observed isotopic depth profiles along with data from mineralogy and chemistry of the inorganic fraction from the Kakamega Forest soil are a result of intense weathering and high organic matter turnover rates under humid tropical conditions.
INTRODUCTION
The transformation of soil organic matter (SOM) during decomposition and stabilization of organic carbon in the long-term soil carbon pool is of increasing interest with regard to issues of CO 2 uptake and carbon storage capacities in soils. The depth distribution of stable isotopes of carbon (δ 13 C) and nitrogen (δ 15 N) together with total organic carbon (TOC) and total nitrogen (TN) from SOM has been used to investigate decompositional processes within soils of different climates and ecosystems (Karamanos et al. 1981; Nadelhoffer and Fry 1988; Becker-Heidmann 1989; Becker-Heidmann and Scharpenseel 1986, 1992a,b) . We use the term "decomposition" in a broad sense as defined by Baldock and Skjemstad (2000) as the "sum of alteration, mineralization, and assimilation" in contrast to the more narrowly defined term "mineralization", meaning the "conversion of organic carbon to carbon dioxide via respiration".
Isotopic depth profiles of δ 13 C and δ 15 N have been proven particularly useful in 1) assessing the degree of decomposition and mineralization of organic matter within different soil profiles, 2) characterizing different soil types according to their isotopic depth trend, and 3) modeling changes in carbon storage or release after land use and vegetation changes (e.g. Stout and Rafter 1978; Stout et al. 1981; Balesdent et al. 1987; Nadelhoffer and Fry 1988; Becker-Heidmann and Scharpenseel 1986, 1992a,b; Balesdent and Mariotti 1996; Boutton et al. 1998) .
Decomposition within soils is accompanied by increasing δ 13 C and δ 15 N values with depth (e.g. Stout and Rafter 1978; Stout et al. 1981; Nadelhoffer and Fry 1988; Becker-Heidmann and Scharpenseel 1986, 1992a,b) . The extent of this isotopic enrichment depends largely on the degree of decomposition, which is mostly controlled by climate (temperature and precipitation). An alternative interpretation for 13 C-enriched isotopic values with soil depth is a change from C 4 -dominated (relatively 13 C-enriched) vegetation to C 3 -dominated (relatively 13 C-depleted) vegetation sometime during recent soil history. Studies investigating recent changes in land use accompanied by isotopically distinct vegetation changes have documented rapid overprinting of the present vegetation on the previous carbon pool within the uppermost 10-20 cm of soils (Balesdent and Mariotti 1996; Boutton et al 1998; Kendall 1998) .
Problems arise in the interpretation of the signal when vegetation change resulted from (unknown) climate-related changes rather than human-related changes in land use. Under these circumstances it is difficult to evaluate whether the 13 C enrichment with depth is due to decomposition or a change in vegetation types (C 3 vs. C 4 ). Most interpretations assume decomposition and carbon turnover as the responsible agents when enrichment is between 2 and 4‰. For enrichment greater than 4‰ vegetation change from C 3 to C 4 is considered the dominant factor (e.g. Boutton et al. 1998) . Such assumptions can become highly speculative, though, when either the SOM is particularly welldecomposed (i.e. greatly 13 C-enriched) or the vegetation change occurred among mixed vegetations, i.e. mixture of C 3 and C 4 plants with varying degrees of abundance (i.e. less 13 C-enriched). This difficulty in interpreting isotopic depth trends demonstrates the necessity to supplement data from the soil organic carbon pool with independent data that can provide information about the degree of soil development, climate, and weathering regime. Clay mineralogy and geochemical elemental abundances have been used to characterize soils in terms of their degree of weathering and climatic setting (Strakhov 1967) . For example, well-developed tropical forest (C 3 ) soils are characterized by a high depletion in base cations (Ca, Mg, K, Na), a clayey and often oxide-enriched subsurface B horizon, and abundance of base-poor clays such as kaolinite. By comparison, soils supporting a C 4 vegetation, such as tropical grasslands, are generally, but not always, characterized by greater amounts of calcium as well as other base cations (Buol et al. 1989) . C 4 grasslands are generally in drier regions where weathering is less intense and base cation retention in clays is more likely. Therefore, if a climate-related vegetation change from C 4 to C 3 type vegetation was responsible for 13 C enrichment within a soil profile, this considerable change should have left evidence in the soil mineralogical and elemental record. Here, we demonstrate the combined use of δ 13 C and δ 15 N as well as clay mineralogy and XRF data to assess the soil organic carbon and nitrogen dynamics within a tropical forest soil from Kakamega Forest, Kenya.
FIELD SITE
Kakamega Forest Reserve in western equatorial Kenya is located about 400 km northwest of Nairobi and 150 km west of the great Rift Valley (Figures 1 and 2 ). The forest is one of the last virgin tropical rainforests in this intensely cultivated agricultural area. The forest is situated at an altitude of 1500− 1700 m and covers an area of 240 km 2 . The natural vegetation is comprised of tropical rainforest of Guineo-Congolian species, including Aningeria altissima, Milicia excelsia, Antiaris toxicaria, and Chrysophyllum albidum. It also has elements of montane forest from the Kenya Rift escarpment, including Olea capensis and Croton megalocarpus (Round-Turner 1994) . The understory is dominated by shrub species of Dracaena and epiphytic bryophytes are common in the branches of larger trees (Round-Turner 1994) . The bedrock is predominantly composed of Precambrian gneisses that weather into moderately fertile clay-loam soils. Annual precipitation averages 2040 mm/yr with most of the rains falling between April and November. Mean annual temperatures do not vary considerably and range from a mean maximum of 27 °C to a mean minimum of 15 °C (Round-Turner 1994).
Kakamega Forest is considered a "living remnant" of the Pleistocene period, prior to the last glaciation, when higher rainfall resulted in extensive rainforests from west and central Africa to large areas of what is now Kenya and Uganda. As the climate became drier, during the last glacial maxi-mum and then again during the Holocene, the area covered with rainforest declined, leaving only few refugia behind, such as the Budongo, Kibale, and Bugoma forests in Uganda and Kakamega Forest in Kenya (Hamilton 1967; COHMAP Members 1988) . Threatened by increasing human population and demand for firewood, Kakamega Forest was closed to settlement in the mid-1920s to impede the rapid decline of rainforest area. Today, Kakamega Forest supports a rich flora and fauna with almost 150 species of woody trees, shrubs, and vines and about 330 species of birds, abundant primates, snakes, amphibians, and butterflies (Round-Turner 1994) .
METHODS
Samples were taken from an undisturbed soil profile on a gently sloping, well-drained site in the southeastern part of the forest (Figure 2 ). We sampled from the upper surface of the soil to a depth of 74 cm and included leaf litter as well as roots. The soil was characterized in the field, including estimates of grainsize and texture and determination of soil color (Figure 3 ). 
Stable Isotopic Analyses
In preparation for isotopic analysis, samples were finely ground and oven-dried at 60°C for 12 hours. Roots and large organic debris were removed beforehand for individual isotopic analysis. Samples were divided into two sets. One set was treated for one hour at room temperature with 2 N HCl to remove carbonates and other acid-soluble minerals. Acid-insoluble residues were washed until neutral and oven-dried at 60°C for 12 hours. The other set was left untreated. This approach was done to assess whether significant amounts of carbonate carbon and acid-soluble nitrogen species were present and how it would affect the δ 13 C and δ 15 N values of treated versus untreated samples. Between 10-50 mg of sample mass was placed into ultra-clean tin capsules and sealed. Samples were combusted and analyzed on a 20-20 Europa Scientific Automated Nitrogen Carbon Analysis-Mass Specrometer (ANCA-MS). The reaction products from combustion were separated by gas chromatography to give pulses of pure N and CO 2 for analysis of total carbon and nitrogen as well as δ 13 C and δ 15 N values ( Table 1 ).
The average error from replicates was 0.3‰ for δ 13 C and 0.5‰ for δ 15 N. Isotope results are reported in the conventional δ notation as per mil deviation from the PDB and N air standards (Peterson and Fry 1987) .
X-ray Diffraction Analysis
Each sample was mixed in an agate mortar and pestle before oven drying at 60°C overnight. The dried samples were then finely ground in an agate mortar and pestle prior to analysis. Samples were lightly pressed into aluminum sample holders for X-ray diffraction analysis. XRD patterns were recorded with a Philips PW1800 microprocessor-controlled diffractometer using Co Kα radiation, variable divergence slit, and graphite monochromator. The diffraction patterns were recorded in Figure 2 Location of sampling site within the Kakamega Forest Reserve steps of 0.05° 2θ with a 3.0 second counting time per step, and logged to data files for analysis. Quantitative analysis was performed on the XRD data using the commercial package Siroquant from Sietronics Pty Ltd (Taylor 1991) . The data was first background subtracted and calibrated for the automatic divergence slit. The average error was ±1.5.
Chemical Analysis by X-Ray Fluorescence
Each sample was analyzed for total elemental composition by X-ray fluorescence spectroscopy using a Philips PW1480 on ignited (1100°C) samples fused with lithium borate glass (Norrish and Hutton 1969) . Samples with a initially high organic matter content were reheated and fused two or three times to ensure complete dissolution of associated metals (e.g. Cr and Ni) into the flux. 
Cation Exchange Capacity Analysis
The CEC of each sample was determined by depositing 80 mg of sample, previously dispersed in 4 mL deionized water (pH 6.8 to 7.0), onto millipore filters. While vacuum was applied to the filterdeposit, a 2 mL aliquots of 1 M BaCl 2 was added and allowed to pass through the sample. This step was repeated to ensure complete Ba 2+ saturation. The samples were then washed ten times with 2 mL aliquots of deionized water and dried at 60°C. The Ba 2+ concentrations were determined by XRF at the Ba L β fluorescence edge (5.1565 eV) following matrix corrections. Cation exchange capacities were reported on an oven dried (105°C) basis. The Mooring iolite reference material (Norrish and Pickering 1983 ) was used as a reference material to asses the accuracy of the values determined for the soils.
RESULTS FROM XRD AND XRF ANALYSES
Data from X-ray diffraction shows mineralogy dominated by quartz, kaolin, and mica, with minor components associated with feldspars and oxides (Table 2, Figure 4 ). Abundance with depth of quartz, kaolin, muscovite, and microcline remains very even, indicative of intense weathering over time. The slight increase in goethite with depth is most likely related to formation and accumulation of iron oxide, typical for tropical soils. The increase in kaolin and goethite is also indicative of a high degree of weathering of primary minerals in the profile.
X-ray fluorescence indicates soil chemistry dominated by silica, iron, and aluminum (Table 3 , Figure 5) . SiO 2 constitutes the most abundant fraction (average 72.7 wt.%), followed by Al 2 O 3 (average 16.1 wt.%) and Fe 2 O 3 (average 7.7 wt.%). The major oxide contents of SiO 2 , Fe 2 O 3 , and Al 2 O 3 are consistent with the mineralogical data of the soil. In particular, the rather constant K 2 O contents are indicative of 8-10% micaceous mineralogy. The elevated CaO and MgO concentrations in the A 1 horizon, followed by the drop to trace levels in the B t , provide strong evidence of rapid nutrient turnover in the uppermost 10 cm of the soil.
Elevated concentrations of Ni and Cr were observed in the A 1 and in the upper portion of the Bt 2 horizon. High Ni and Cr concentrations in the A 1 were associated with high organic carbon content (17%) and with an increase in goethite in the upper Bt 2 , indicating probable mineralization of humic matter and eluviation of these metals. The CEC values for the Kakamega B horizons are low, ranging from 5 to 10 cmol kg −1 (Table 3) . These values are within the range expected for soils whose mineralogy is dominated by quartz, kaolin and mica. Since the CEC was measured on samples bathed in near neutral pH solution, it is possible that the true CEC is underestimated with respect to the oxide fraction. Goethite commonly has a point of zero charge near pH 8.0-8.2. Significantly, the CEC values are highest in the B 1 and the B t1 horizons, which contain about 1% total organic carbon. Thus, it is probable that up to half of the CEC in the upper B horizon of the Kakamega soil is associated with organic matter.
Soil Classification
The soil has been classified as an Ultisol as determined by the development of a definite argillic horizon and presence of primary minerals in excess of 10%. Based on the enrichment in organic carbon of >0.9% in the upper 15 cm, probably less than 5°C annual temperature variation at 50 cm depth (i.e. isomesic soil temperature), no lithic contact within 50 cm of surface, and a CEC less than 24 meq/100 g, the soil can be classified as a Humoxic Tropohumult (Soil Survey Staff 1975) .
RESULTS OF δ 13 C, TOC, δ 15 N, AND TN ANALYSES
Acid-Treated Samples δ 13 C and δ 15 N values from plant material (leaf litter and roots) as well as the respective TN and TOC contents differed markedly from the average value of SOM. Carbon isotopic values from leaves and roots were -27.3‰ and -28.0‰, respectively, with TOC content for leaves averaging 40.3% and 29.2% for roots (Table 1A, Figure 6A ). δ 13 C and δ 15 N values of the soil profile showed a distinct depth trend towards more enriched values and decreased TOC and TN contents about 8 cm below the surface (Table 1A , Figures 6A,B) . The δ 13 C value of the O horizon (−27.7‰) was very similar to those of surface litter and roots, whereas TOC content was 60% less in the O horizon (16.1%) compared with TOC content of leaf litter (40.3%). Below the O horizon, δ 13 C values increased markedly by about 6.3‰ and reached the highest value of −20.5‰ in the B horizon at 23 cm depth (Figure 6a ). Lower in the profile, δ 13 C values decreased slightly by 0.8‰ and stabilized at 21.4‰. TOC values were considerably lower below the O horizon, decreasing continuously from 1.3% in the upper B to 0.5% in the lower B horizon (Table 1A ).
δ 15 N values in leaf litter (1.1‰) were 3.3‰ depleted compared with the ones from the O horizon (4.4‰) (Table 1B, Figure 6B ). The most depleted δ 15 N values occurred in the root tissue (−3.6‰). By comparison, TN values in leaf litter and roots were similar (average 2.4%) and decreased to 1.6% Figure 6B ). C/N ratios for the soil profile, including the leaf litter, averaged 11.1 and showed a pronounced decline from a high C/N ratio in leaf litter of 18.6 to relatively homogenous values within the soil profile, where they averaged 10.0 (Table 1C, Figure 7) . C/N ratios in roots were 11.2. A slight excursion to lower ratios (9.2) occurred in the B horizon at 23 cm (Figure 7 ).
Non-Acid Treated Samples
δ 13 C values and TOC content for non-acid treated samples did not show statistically different variation from the acid-treated samples (Tables 1A,B, Figure 6A ). Average δ 13 C values for non-acid treated soil samples were -22.4‰ compared with an average of -22.3‰ for acid-treated samples. Similarly, no significant loss of TOC was observed after acid treatment with both sample sets averaging 3.0% (Tables 1A,B) .
By comparison, δ 15 N values showed significant differences upon treatment. Acid-treated samples were 15 N-depleted by an average of 0.8‰ with maximum depletion up to 1.4‰ (Tables 1A,B, Figure  6B ). This resulted in average δ 15 N values of 7.4‰ for non-acid treated soil samples compared with 6.6‰ for acid-treated soil samples. Surprisingly, TN contents did not show significant losses after acid treatment, as average TN contents were only between 0.005% and 0.01% lower (Tables 1A,B) . Nonetheless, the same degree of enrichment with depth as with acid-treated samples is observed. δ 15 N values showed a rapid increase to 6.8‰ below the O horizon with the enrichment trend continuing with depth to maximum values of 8.5‰ in the lowermost part of the soil (Table 1B, Figure 6B ).
DISCUSSION

Acid Versus Non-Acid Treated Samples
From our comparison of acid and non-acid treated TOC and δ 13 C values we conclude that carbonate minerals were not present in any significant amounts in the soil because TOC did not show significant losses and δ 13 C did not show significant 13 C-enrichment. Lack of calcite was also confirmed by XRD analysis. Absence of carbonate phases within the soils is to be expected under tropical conditions with annual rainfall in excess of 2000 mm/yr (Birkeland 1999 ).
The significant 15 N-enrichment in the non-acid treated soil samples compared with the acid-treated samples indicates alteration upon acid treatment. Goering et al. (1990) noted variable changes in δ 15 N in several natural samples upon acid treatment. These changes were attributed to different rates of leaching of organic N from compounds with different δ 15 N values. Acid-hydrolysis studies by Stevenson (1956) and Senwo and Tabatabai (1998) show that acid-hydrolyzable amino-acids com- prise 20-60% of the total soil N pool. In a study of compound specific δ 15 N values from different soils, Ostle et al. (1999) demonstrated that acid-hydrolyzable amino-acids are by up to 2.5‰ 15 Nenriched compared to bulk δ 15 N values. Therefore, the significant depletion in δ 15 N values in the acid-treated fraction of the Kakamega Forest soil by 1.4‰ is attributed to a loss of acid-hydrolyzable amino acids. Consequently, we used the strategy suggested by Bunn et al. (1995) to separately analyze non-acid treated samples for δ 15 N and acid-treated samples for δ 13 C and focus our interpretation on these values (Figure 8 ).
TN and δ 15 N
The relatively high average δ 15 N value (7.4‰) in the SOM is typical for tropical ecosystems where N is not a limiting nutrient (Martinelli et al. 1999 Martinelli et al. (1999) (Figure 8 ).
A significant negative correlation (R 2 = 0.9) existed between δ 15 N values and TN content of soil, roots, and leaf litter ( Figure 9A ). Because TN contents for leaf litter, roots, and O horizon are an order of magnitude larger than for the remaining soil, we separately correlated δ 15 N values and TN of the soil (excluding the TN-rich O horizon) and a negative correlation with R 2 = 0.9 was observed ( Figure 9B ). Nadelhoffer and Fry (1988) reported an analogous correlation, where TN losses from the soil result in 15 N-enrichment of the residual N pool. This trend is interpreted to be an effect of bacterial fractionation during mineralization (nitrification) of organic nitrogen within the soil and is indicated by the increasing δ 15 N values with soil depth (Figure 8 ).
If we assume that TN and δ 15 N from leaf litter represent the initial TN SOM pool (Andreux et al. 1990) , then 94% of the mineralizable TN was consumed in the uppermost 7 cm of the soil accompanied by 15 N-enrichment of 5.7‰ ( Figure 8 ). With increasing depth the remaining N-pool was further reduced by 4% and fractionated by 1.7‰, resulting in mineralization of 98% of the initial TN input. (Karamanos et al. 1981; Nadelhoffer and Fry 1988; Emmett et al. 1998; Martinelli et al. 1999 ) but with less detailed resolution than presented here.
An exception is the study by Mariotti et al. (1980) of temperate Inceptisols and one Spodosol where sample density was comparable to our study. However, mineralization (TN decline) and fractionation (δ 15 N increase) occurred at a slower rate than observed in the tropical Kakamega Forest soil. Thus, we interpret the relatively low values in the surface O horizon and the rapid enrichment with depth as a characteristic signature for tropical ecosystems where both organic matter decomposition and cycling of nutrients is rapid. In these soils the upper soil horizon becomes constantly replenished by fresh, 15 N-depleted leaf litter. The continuous 15 N-enrichment to a depth of about 23 cm indicates an intense rate of mineralization (nitrification) and fractionation, resulting in enrichment of the remaining NH 4+ and soil organic-N pools (Vitousek 1984; Nadelhoffer and Fry 1988) . Below 23 cm δ 15 N values stabilize which is probably the combined result of diminished bacterial activity and accumulation of refractory organic N, as well as transport of 15 N-enriched soil humus particles downprofile and intense bioturbation by soil organisms (Steele et al. 1981; Nadelhoffer and Fry 1988 ). An interesting feature is the highly depleted δ 15 N value in roots (−3.6‰) ( Table 1) . Andreux et al. (1990) also observed that root tissue gave the lowest δ 15 N values compared with leaves and SOM. We interpret this depletion as an effect of roots taking up the depleted fractionation products nitrite and nitrate from mineralization of labile organic N sources (Andreux et al. 1990 ). This is supported by the very similar (Pessenda et al. 1996a) or from a mix of C 3 and C 4 vegetation (Pessenda et al. 1996b (Pessenda et al. , 1998 . This aspect will be discussed in detail in the following section.
The isotopic depth trend in the Kakamega Forest soil is unusual as the enrichment with depth is: 1) relatively large (∆ 13 C = 7.2‰), and 2) occurs rapidly over an interval of 20 cm from the O horizon ( Figure 8 ). Assuming that TOC and δ 13 C from leaf litter represent the original mineralizable organic carbon (Andreux et al. 1990) , then 60% of mineralization occurred in the uppermost 2.5 cm and at 7 cm depth 97% of organic carbon was mineralized, accompanied by a 13 C-enrichment of 5.3‰ Correlation between δ 13 C and TOC was significant with R 2 = 0.8 for all values (Figure 11a ) and R 2 = 0.7 for the soil profile except for the TOC-rich O-horizon (Figure 11b ). This correlation confirms the relationship of increasing δ 13 C values with increasing age and decomposition of SOM as reported in previous studies (O'Brien and Stout 1978; Stout and Rafter 1978; Ladyman and Harkness 1980; Nadelhoffer and Fry 1988; Becker-Heidmann and Scharpenseel 1986 , 1992a , 1992b Balesdent et al. 1993; Balesdent and Mariotti 1996) . Changes in TOC and δ 13 C of SOM in C 3 soils during decomposition have been successfully described using an approximation of Raleigh's equation (Balesdent and Mariotti 1996) : δ = δ 0 + ε ln (C/C 0 ), where δ 0 and C 0 are δ 13 C and TOC values in initial samples (i.e. the leaf litter horizon), and ε is the Raleigh fractionation coefficient associated with carbon mineralization (ε = −1.71‰). Using this equation the actual measured degree of fractionation is very closely predicted by the calculated slope ( Figure 12 ). The only deviation occurred below 23 cm, where there is a slight decrease by 0.8‰. This feature has been observed in several other soil studies and has been attributed to translocation of soluble, relatively young and undecomposed organic matter downprofile (Martin et al. 1990; Becker-Heidmann and Scharpenseel 1986, 1992; Feng et al. 1999 ).
However, this explanation is not supported by the continuously decreasing TOC contents at these depth levels in this study. Instead, we interpret this δ 13 C inflection at 23 cm as a change from an actively fractionating isotopic system, dominated by decomposition, to an isotopic system that reached a steady state, dominated by mixing of SOM from different horizons by soil organisms. Therefore, we interpret the overall isotopic trend of a rapid and large δ 13 C increase as a result of fractionation due to intense decomposition over time under tropical conditions. However, such decompositional changes are usually reported to be in the order of 2−4‰ (Becker-Heidmann and Scharpenseel 1986; Nadelhoffer and Fry 1988; Balesdent et al. 1993; Balesdent and Mariotti 1996) and larger isotopic offsets have been generally attributed to either methane dynamics in Riceland soils (Neue et al. 1990) or to C 3 /C 4 vegetation changes (Boutton et al. 1998; Pessenda et al. 1996b Pessenda et al. , 1998 . Furthermore, environmental factors such as water stress (Farquhar and Richards 1984; Stewart et al. 1995) and enriched pre-industrial δ 13 C CO 2 (Balesdent and Mariotti 1996) can cause isotopic enrichment in SOM. Such effects would be expected to be relatively small because pre-industrial δ 13 C CO 2 decreased by only 1.5‰ from 1750 to 2000 (Balesdent and Mariotti 1996) and only changes from tropical conditions to severe water-stress under arid conditions would produce δ 13 C differences larger than 5‰ (Ehleringer and Cooper 1988) . This kind of radical environmental change is not likely to have occurred at this site during the last 10,000 years (Round-Turner 1994).
Decomposition Versus Vegetation Change
The δ 13 C depth profile from Kakamega Forest exhibits a large isotopic offset between surface and subsurface SOM and highly enriched isotopic values in the subsurface. We interpret this pronounced depth trend as characteristic for relatively old, highly weathered soils in a tropical environment with a homogenous temperature regime and year-round precipitation. In tropical environments, carbon cycling occurs in a tight cycle and affects predominantly the uppermost 5 cm of the soil. Here, decomposition releases and returns nutrients from and to plants. Only intensely decomposed and highly fractionated recalcitrant organic matter accumulates in the deeper parts of the soil. Since most studies of carbon fractionation in soils are from temperate regions with a seasonal climate, weathering and decomposition are not expected to be as pronounced and fractionation not as large as in tropical soils. However, various studies attribute such large isotopic offsets to climate change and a mix of C 3 and C 4 vegetation during the mid-Holocene (Boutton et al. 1998; Pessenda et al. 1996b Pessenda et al. , 1998 In the Kakamega Forest soil the δ 13 C shift towards enriched values occurs within the uppermost 10 cm of the soil. Several studies have investigated the isotopic dynamics of SOM after vegetation changes. Kendall (1998) reported that after about 100 years, following a C 3 to C 4 vegetation change, isotopic depth profiles of the studied soils showed an isotopic difference of 5.3‰ between C 4 -dominated surface and C 3 -dominated subsurface soil (0−20 cm). A study by Boutton et al. (1998) reported an isotopic difference of 4‰ after 100 years following a change from C 4 to C 3 vegetation with the uppermost 0−15 cm averaging -24‰ and -20‰ below this depth. Balesdent and Mariotti (1996) reported a 5.5‰ increase after only 23 years of C 4 cultivation on previous C 3 -vegetated soils.
These studies show that the δ 13 C values of vegetation changes from C 3 to C 4 or vice versa become quickly incorporated into the δ 13 C of SOM and that they preserve a distinct depth trend in the uppermost 0−20 cm after only 100 years of change. Since the Kakamega Forest soil exhibits a similar trend one could argue that a change from C 4 / C 3 mix to pure C 3 vegetation could have occurred over the past 100 years. Given the record of Kakamega Forest as being a "living fossil" of the African Humid Period that started around 14.5 ka and peaked at around 9−6 ka ago (DeMenocal et al. 2000) , it is unlikely that the large isotopic offset within the subsurface soil is due to a change of C 3 /C 4 mixed vegetation to C 3 tropical forest about 100 years ago. Old-growth trees present in the forest attest to the longevity of this forest ecosystem. Furthermore, the strong correlation of R 2 = 0.9 between δ 13 C and δ 15 N of SOM also suggests that decomposition was the main factor for the strong fractionation with depth because δ 15 N in plants are not much affected by photosynthetic pathway and δ 15 N in soils are controlled by decompositional processes (Mariotti et al. 1980; Nadelhoffer and Fry 1988; Kendall 1998; Turekian et al. 1998 ). 
CONCLUSION
Analyses of δ 13 C and δ 15 N in conjunction with clay mineralogical and XRF data of an Ulitsol from Kakamega Forest indicate intense weathering and cycling of TOC and TN under tropical conditions. The large and abrupt increase of δ 13 C and δ 15 N data by circa 7‰ within the uppermost 20 cm of the soil is interpreted to be a result of fractionation during decomposition under a tropical weathering regime. This is in contrast to other studies of similar isotopic depth trends which interpreted isotopic shifts larger than 4‰ to changes between C 3 and C 4 vegetation types. Data from clay mineralogy and XRF also support large fractionation due to decomposition under intense tropical weathering rather than vegetation change. Clay mineralogical data as well as data from XRF analysis display very even depth trends, typical for an Ultisol that formed under a long period of weathering under tropical conditions.
